are not sufficient to support a statement about the source terms free from contentious points; hence the theoretical results do not contain much more information than could be obtained by a simple dimensional argument. Kraichnan (1) and Lilley (2) have studied the theoretical problem.
Measurements have been made of the wall pressure fluctuations for subsonic turbulent boundary layers by Willmarth (3) and Harrison (4) . Their results were used as a guide in setting up these experiments.
There is a definite advantage in going to compressible flows to get information with which to construct a theory, since the ratios of the various derived scales of a shear flow, e.g., the momentum or displacement thickness, can be varied independently by varying the Maeh number and Reynolds number. Also, as the Mach number is increased, some phenomena might be accentuated which could help clarify the physical process.
It would be desirable to obtain measurements of the pressure field throughout the turbulence in order to construct a rational theory. Unfortunately, measurements anywhere except at the wall represent an almost impossible problem since any pressure-sensitive device in the flow responds both to static pressure and local velocity fluctuations.
II. AERODYNAMIC EQUIPMENT
The measured flow fields were produced in the JPL 20-in. supersonic wind tunnel. to support the flat plate in the tunnel with four bolts extending through the side walls in rubber bushings.
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This mounting scheme together with a suitable transducer, described in Section III, resulted in an output due to pressure significantly larger than that from acceleration for a substantial range of flow conditions.
In order to obtain measurements of the pressure fluctuations on the side wall, it was found necessary to mount the transducer on a disk that could be inserted into a hole in the side wall with its surface flush with the surface of the side wall (Fig. 2) . The disk had to be supported at another point in the tunnel structure where vibrations were at a minimum. The area around the disk was sealed with rubber.
The flat plate configuration was used in the early stages of these experiments and had the advantage that both a laminar and a turbulent boundary layer could be produced over the transducer for the same tunnel conditions. Also, a large variation in the boundary layer Reynolds number at the transducer site could be obtained by varying both the tunnel pressure and the transducer location.
The size and frequency requirements for quantitative measurements on the plate were so extreme, however, that as soon as the side wall mounting problem was solved, most of the data were obtained there.
The size and frequency requirements were eased by a factor of about five compared to the plate.
III. THE PRESSURE TRANSDUCER
The three major requirements for a pressure transducer are that it have a sufficiently large frequency range, that it be sensitive enough so that the output is larger than the electrical noise of the associated These leads were imbedded in epoxy resin and held rigidly until they could be brought away from the structural surface.
6. In order tc get sufficient isolation of the transducer from the vibration of the plate or wall disk, it was mounted in rubber.
The vibrations of the transducer on this support gave the low-frequency limit to the measurements, and in order to make this frequency as low as possible, a lead cylinder was used to back up the ceramic element. The size of this cylinder was controlled by the available clearance space.
When the transducer is considered as a unit, the following remarks can be made. The stresses in the sensitive element that are interpreted as a pressure signal on the exposed surface can actually come also from pressures exerted on the epoxy surface and transmitted through the lead or rubber. That this energy was small compared to the direct action of the pressure on the ceramic element was shown by transducers in which the epoxy resin had been hollowed out. Only the epoxy surface and edge were left; consequently, the lead backing was somewhat decoupled from the surface. In test situations, the outputs of these transducers were no different from outputs of transducers with solid epoxy buildups. The possibility that an intense standing wave pattern existed in the backing block was also checked by using different backing materials (glass and steel) and by modifying the shape of the backing block (grooving).
No effect was observed with any of these modifications.
For some reason no measurement showed a frequency that could be attributed to acoustic waves in the backing block. The strongest vibration associated with the transducer itself was the low-frequency resonance of the lead backing on its rubber support, which occurred at around 500 cps. Of course, a particular transducer might show unexplained signals at any frequency, but these could be attributed to construction variations; particularly bad transducers were simply not used. Since it was found that the larger transducers could be made with more stable characteristics, these were used exclusively on the side wall where the boundary layer was of sufficient thickness.
An attempt was made to clarify a phenomenon pointed out by Willmarth! 6) In calibrating his transducers, which were similar to those described here, he found that the electrical capacity between the ceramic and the backing could change when a pressure was applied to the sensitive surface, and that this could produce an undesirable component in the output of the transducer. By using a double element with both exposed faces grounded, he seemingly avoided this problem. Double elements could not be used here, so that this effect was subjected to some investigation.
The tests on the transducers showed no significant capacity change effect, but did turn up a pyroelectric effect.
A temperature variation on the surface, such as might be produced by a shock wave passing over the transducer, did produce an output voltage. The response time for this pyroelectric effect is controlled by the silver layer on the surface, and, for the elements used here, was about 1 millisec. The spectral region below 1 kc already had a strong contribution from the transducer vibrating on its mount, so that all the frequencies below 1 kc were filtered out, and this effectively eliminated the temperature signal from the output.
In order to estimate the frequency and phase response of the transducers to the imposed pressure, it is necessary to set up some model of the mechanical system. The pressure input can be assumed to come from a zero impedance source; i.e., the motion of the transducer face should not affect the pressure input.
The experimental results related in the preceding paragraph can be interpreted as showing that the backing can be taken as a semi-infinite field, so that no standing waves have to be accounted for. This model corresponds to the classical problem of an organ pipe, forced at one end and radiating at the other. The model is defective inasmuch as the backing material is also forced in the neighborhood of the piezoelectric element by the pressure field. The analysis showed that for the material constants encountered here the design should give essentially uniform response, as measured by the ratio of strain to pressure for the frequency range in which they were used, i.e., up to 600 kc for the 0.030-in.-diameter, 0.02-in.-thick elements.
In order to calibrate the transducers, they were located on the side wall of a shock tube and a shock wave was passed over them. Shock strength was determined by measuring the shock speed and temperature.
The output signal was recorded by an oscilloscope. 
IV. ELECTRICAL EQUIPMENT
A strain of a piezoelectric material produces a surface charge which is distributed between the capacity of the element and any capacity in parallel with it. The charge decays with a time constant determined by the total capacity and the resistance shunting the element.
In order to maximize tile voltage across the element, it is therefore essential to minimize the shunt capacity, and in order to get good lowfrequency response, the shunt resistance should be as large as possible. The only specialized electronic instrumentation developed for these tests was a digital correlator.
In order to measure the space-time correlation of the pressure signals on a surface, it is necessary to obtain the mean product of the output voltages of two transducers, where the product is formed from the output of one transducer at a given time and the output of the other at a fixed time interval later.
To perform this operation, 
V. MEASUREMENT ERRORS
In order to describe the statistical properties of the pressure fluctuations at the wall, two types of data were obtained: the temporal power spectra at a given point, and the space-time correlation between two points. The main sources of error in these data are the contamination of the signal with the radiated pressure field from tile tunnel walls and the effect of the finite area of the transducer. like an estimate of the integral above that is obtainable from the properties of these quantities.
The two assumptions that give this estimate from the measured quantities are:
1. The correlation function is a function of (x -_:) and _-only through the combination
x -_-U c "r, where U e is a parameter, the convection speed, determined by experiment.
This assumption permits one to obtain the x variation of the correlations (spectra) from the measured time spectra. When we later discuss the measured correlation functions of e, the justification and limitations of this assumption become apparent.
2. The correlation function is separable in the x, y plane; i.e., R (x -_:, y -r/, 0) is equal to Q (x -_:) G (y -r/), and, in particular, we will assume that Q (x -_-) is the same The sensitive area of the transducer was nominally round so that the correction formula using the Bessel function kernel was used in reducing the data. The shape and size of the sensitive area are not necessarily the same as the shape and size of the ceramic elementsince the mechanical working of the element affects the distribution of polarization.
A typical example of how the correction proceeds is shown in Fig. 7 . The measured spectrum is first divided by
where U e is obtained from the measured correlation function. This gives a first approximation to the true shape of the spectrum of the pressure at the measuring point.
Then the level is changed by the ratio of the spectrum area before correction and after correction.
The area under this new curve is then the correct area for determining <p2> ; < e 2 > is obtained by integrating the measured spectrum < e2> E m (c_).
This correction procedure gives a first approximation to the true pressure amplitude at a point but a somewhat rough approximation to the shape of the true time spectrum. Therefore, only those spectral shapes are shown in this report where the correction was not large, and for the most part they are shown uncorrected.
As a final remark, it should be mentioned that in those few cases where sufficient data were available to find <p2> from several measurements of < e2> obtained with transduce rs with sensitive areas of different sizes, the correction procedure outlined above gave about the same value for <pl>.
Vl. MEASUREMENTS

A. Spectra
The area normalized power spectra of the pressure fluctuations are shown in Fig. 8 Typical measured correlation functions are shown in Fig. 11 and 12 . The results in Fig. 11 were obtained on the sidewall with the electronic correlator; the results in Fig. 12 were obtained on the flat plate using the lumped circuit delay line.
The convection speed Ax/7"ma x obtained from these data is shown in Fig. 13 as a function of Mach number. The speeds shown were computed only from sidewall data, obtained with the electronic correlator.
Willmarth's subsonic data are also shown. At M = 2.00, the tunnel Reynolds number was changed by a factor of 10, and it was found that there was no measurable change in the correlation shape or in the convection speed over this range of Reynolds number.
The rate of decay of the peak values of the correlation coefficient for various Mach numbers is illustrated in Fig. 14a , where the peak value is plotted vs the nondimensional distance Ax/_. The absolute value of the correlation was measured by extending the time delay in the measurement until the correlation had dropped to a constant value, which in the absence of extraneous signals should have been zero. The peak value was assumed to be the difference between this level value and the measured peak.
The data shown for Ax/8 less than 0.6 were obtained on the sidewall and for Ax/8 > 0.6 on the flat plate. Assuming that these data are comparable, curves of the maximum value as a function of distance are sketched in. The general shape of the curve is a sharp drop from the value 1 at Ax = 0 to about the value of 1/2 at Ax/8 = 0.2, and then a more gentle variation for larger Ax. There is no outstanding effect of Mach number on the decay of the peak value, but careful examination of the data seems to indicate a trend for the peak to fall more rapidly for smaller M.
The peak values are plotted against Axle* in Fig. 14b, which gives a little better collapse of the data for large M and i_x.
C. Fluctuation Levels
The determination of the fluctuation levels from the calibrated transducers requires the integration of the measured power spectra. This method is more desirable than the direct measurement of the mean-square voltage because energy associated with the transducer can be removed from the spectra, and a length correction can be applied to the spectra before integration to obtain a more accurate result.
In The data obtained from the flat plate were corrected, as explained earlier.
The size of the correction on the measured <e2> was as large as a factor of 2 in some cases. The corrected data are shown in Fig. 15 .
Owing to the size of the length correction, the relative values of <p2> obtained from different spectra at the same Mach number but at different Reynolds numbers are more accurate than the absolute values. Therefore,
only the values of _,/_ (Re_, = 10 4) are shown in Fig. 15 . The absolute "level was determined from the sidewall measurements, where the corrections were much smaller. It is seen that for all Mach numbers the corrected levels of "_/q have a variation with Reynolds number close to "p/q "_ Re-_ 1/5, which suggests that if the skin friction were used as the characteristic pressure, the effect of Reynolds number on _ would be accounted for.
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The pressure fluctuation levels obtained on the sidewall are shown in Fig. 16, Most of the current information on the properties of turbulent boundary layers has been obtained with a hot-wire anemometer. Therefore, it is of interest to examine the way in which the results of this work can affect the interpretation of a hot-wire signal obtained from a supersonic boundary layer. It has been shown (13) that the output of a hot wire in a supersonic boundary layer can be decomposed into a contribution by a velocity and by a temperature or density fluctuation if one can assume that the pressure fluctuation level is much smaller than the levels of the other fluctuation; i.e., 
VIII. CONCLUSION
Measurements
U M2
These two curves are plotted in Fig. A-l 
